[1] Oersted is a low-altitude (638-849 km) polar-orbiting satellite. Using vector magnetic field measurements obtained from Oersted, we identified more than 20 geomagnetic sudden commencement (SC) events on both dayside (0600-1800 MLT) and nightside (1800-0600 MLT). The unique properties reflected by these events have never been reported before. The SCs observed by Oersted in the B // (compressional) component on the nightside had the nearly same waveforms as those observed on the ground in the H (northward) component. We suggest that the SCs observed by Oersted on the nightside were dominantly caused by the enhanced magnetopause currents, which were transmitted by the compressional hydromagnetic waves, and the effects of the ionospheric current (IC) were negligible on the nightside. The SC waveforms observed by Oersted on the dayside were apparently different from those observed on the ground. Near the dayside dip equator (DDE), corresponding to preliminary reverse impulses (PRIs) observed in the ground H component, Oersted always observed positive impulses in the B // component, which suggest that the PRIs at the DDE are generated by westward ICs. On the dayside, corresponding to positive main impulses (MIs) of SCs observed in the ground H component, the Oersted B // component always presented clear decreases, which implies that an eastward IC was excited after the PRI. The generation mechanism for the westward and eastward ICs are discussed according to previously proposed models. On the dayside, we suggest that the waveforms observed both on the ground and at Oersted during the time period of PRI and MI were superposition of the incident compressional waves and the disturbance fields caused by the ICs. The features observed by Oersted just above the ionosphere are significant complementary to our empirical knowledge for SCs.
Introduction
[2] Geomagnetic sudden commencements (SCs) have been extensively studied through the magnetic field measurements from the ground and spacecrafts for many years. The SC waveform on the ground surface is rather complex, because it strongly depends on both latitude and local time (LT). Based on a large number of observational facts and previous studies, Araki [1994] developed a physical model for SC. Content of the model is summarized as following. The source of SC is sudden increase of the dynamic pressure in the solar wind, which causes a stepwise compression of the magnetic field in the magnetosphere propagating earthward in the dayside magnetosphere with a relevant hydromagnetic (HM) wave velocity. The SCs observed on the ground are superposition of two subfields, i.e., DL field and DP field. The DL field is caused by the enhanced Chapman-Ferraro currents, which are transmitted by the compressional waves and dominant at low latitudes on the ground (hereafter in this paper, the disturbance field related with the compressional waves is referred to as the DL field). The DP field is originating in the polar area and caused by ionospheric currents (ICs) and field aligned currents (FACs). The DP field is further decomposed into two parts, i.e., DP PI and DP MI , corresponding to the preliminary sharp impulse (PI) and the following main impulse (MI). The DP PI field is caused by a dusk-to-dawn electric field, which is imposed on the polar ionosphere by FACs associated with the transverse Alfven waves converted from the compressional hydromagnetic wavefront propagating in the dayside magnetosphere. This polar electric field excites a twin vortex IC system in the polar area and it also instantaneously transmits to the dayside equatorial region [Kikuchi et al., 1978; Kikuchi and Araki, 1979a, 1979b; Kikuchi, 1986] . The DP PI field is produced by this twin vortex IC and the FACs. The DP PI field manifests as a preliminary reverse impulse (PRI) simultaneously observed at the auroral latitudes in the afternoon and near the dip equator on the dayside, as well as a preliminary positive impulse (PPI) observed at the auroral latitudes in the morning. After (or nearly at the same time) the compressional wavefront propagating toward the magnetotail, a convection electric field in the dawn-to-dusk direction has to be enhanced in the compressed magnetosphere. The associated FACs, which flows into the dawn ionosphere and out from the dusk ionosphere, also excites a twin vortex IC system with opposite sense to the preceding DP PI current system. The disturbance field caused by this current system (ICs and FACs) is the DP MI field [Araki, 1994, and references therein] . In this paper, the disturbance field caused by ICs is called as to DP field for sometimes.
[3] As for the PRIs (the DP PI field) at the low latitudes and at the dayside dip equator, Chi et al. [2001 Chi et al. [ , 2006 suggested that they can result from the propagating MHD waves in the magnetosphere alone but no need to invoke an electric field transmitted from the polar region, which are different from that proposed by Araki [1994] .
[4] No matter in the model of Araki [1994] or Chi et al. [2001 Chi et al. [ , 2006 , the ionospheric currents plays vitally important roles in each part of the SC fields. To clearly identify the effects of the ionospheric currents during the SC, simultaneous observation of the magnetic field above and below the ionosphere is necessary. However, reports of such kind of the observation are rather few. To our knowledge, only Araki et al. [1984] examined some SCs observed by low-altitude satellite MAGSAT, and the MAGSAT orbit was limited on the dusk-dawn meridian. In this study, using vector magnetic field measurements from Oersted, which is a low-altitude polar-orbiting satellite, we clearly identified more than 20 SCs at different local times. Besides more than ten events detected by Oersted on the nightside, for the first time, we observed several SCs above the ionosphere on the dayside. Some features for SCs reflected by those observations have never been reported. Our main purposes of this paper are to present these SC waveforms, which are firstly observed above the ionosphere at different local times, and also discuss how the ICs induced at the dayside dip equator (henceforth referred to as DDE) at the time periods of PRIs and MIs affect the waveforms observed both on the ground and above the ionosphere.
[5] This paper is organized as introduction of the data and event selection in section 2, descriptions about the observational results in section 3, summary and discussion in section 4, and conclusion in section 5.
Data set and Event Election
[6] Oersted is a polar orbiting satellite launched on 23 February 1999 with an inclination of 96.5 degrees. The initial perigee and apogee were 638 km and 849 km in altitude, respectively. Vector geomagnetic field measurements from April 1999 to May 2002 with a sampling rate of 1 Hz acquired by a fluxgate magnetometer on board are used in this study. The residuals of the magnetic field are obtained by subtracting the Oersted (10 c/99) main field model from the observational field [Olsen et al., 2000] . The residual data are transformed to a local magnetic coordinate system, in which the B // component (used in this study) is parallel to the local magnetic field line and is positive in northward.
[7] One-second (1-s) and one-minute (1-m) vector measurements of the geomagnetic field are used for the ground data. The H-D-Z, and X-Y-Z coordinates are adopted for the 1-s and 1-m data, respectively. The H and X components are positive in northward. Detailed information about the ground stations is given in Table 1 .
[8] Table 2 gives the 23 SC events (including sudden impulses) observed by Oersted at low latitudes from April 1999 to May 2002. We use 23 small letters from 'a' to 'w' to denominate these events in order of the magnetic local time (MLT) of the Oersted observation. The ground stations appearing in the event from 'a' to 'w' are listed in Table 1 in turn. Keep in mind that MLT, dip latitude, and altitude of Oersted at the moment when the onset of the SC was observed, are also presented in Table 2 . Table 2 also gives amplitudes measured on the ground and by Oersted on the nightside. The ground amplitudes are calculated by using 
Observations
[9] According to MLT of the Oersted observation, we classified the SCs into nightside (1800 -0600 MLT) and dayside (0600 MLT-1800 MLT) events. There are 15 and 8 events on the nightside and dayside, respectively. In order to clearly demonstrate the characteristics of these events, we present plots for all of the SCs listed in Table 2 .
SCs Observed on the Nightside
[10] The 15 SC events observed by Oersted on the nightside are shown in Figure 1a and 1b. We selected ground stations located as near as possible beneath the satellite path. For the events during which the satellite passed through the equator, we used one station located in the northern hemisphere and another in the southern hemisphere. In such cases, the ground amplitudes given in Table 2 are averaged value of the two stations. Figure 1a shows that when the satellite was on the nightside, the waveforms of the SCs observed above and below the ionosphere are very similar. We found that the onset for each SC observed on the ground and Oersted was almost simultaneous. For events (e)-(o), the amplitudes on Oersted are obviously smaller than that on the ground, which also can be seen from Figure 3 . The equatorial enhancement of the amplitude was not observed on the nightside. For instance, the amplitudes at GUA in event (b) and AAE in event (c), are almost the same as those at the lowlatitude stations. Note that GUA and AAE are very near the dip equator.
SCs Observed on the Dayside
[11] Figure 2 shows the 8 SC events observed by Oersted on the dayside. For these events, we managed to use one station near the dip equator and another at low latitude to make comparison between the ground and satellite observations. Except in event (p) and (t), the satellite observed the SCs at dip latitude lower than 15°, that is, the satellite observed the SCs nearly just above the ionosphere at the DDE. In event (v), ground observation near the dip equator is unavailable. In event (w), about 8 minutes data after the positive peak of the SC is missing for the Oersted observation.
[12] The Oersted and ground observations on the dayside show different features from those on the nightside. The features of the dayside SCs are summarized as follows:
[13] 1. In event (p), Oersted observed the SC onset at $50.0°in dip latitude. In order to see clearly, the amplitudes at Oersted and TUC have been amplified by 5 times. In this event, a clear PRI was observed at JIC. The onset of the SC observed by Oersted was simultaneous with that of the PRI observed in the JIC H component. We also note that the waveform observed at Oersted was similar with that at TUC, which was near the satellite path.
[14] 2. In events (q) and (r), there was no clear PRI observed at stations near the dip equator (HUA and GUA). For both of the two events, Oersted observed the SCs at low latitudes. The waveforms observed by Oersted were similar with those observed at low-latitude stations at TUC and KAK, but were different with those observed at dip-equator stations at HUA and GUA.
[15] 3. Clear PRIs were observed at the dip-equator stations in most of the events. In event (v), ground observation near the dip equator is unavailable, but the low-latitude station LAL observed a clear PRI. Araki [1994] reported that the PRIs are always simultaneously observed at the dip equator on the dayside and at aurorallatitudes in the afternoon, so we assume that the PRI was also occurred at dip equator in event (v). The amplitudes of the main impulse (MI) at the dip-equator stations were obviously enhanced in all events. For instance, the amplitudes at JIC in events (p), (s), (t), (u), and (w), as well as the amplitudes at HUA and GUA in events (q) and (r), are obviously larger than those at low-latitude stations. These characteristics of SCs are consistent with that summarized by Araki [1994] .
[16] 4. In events (s)-(w), corresponding to the PRIs observed on the ground, Oersted observed positive impulses, which manifest as an increase at the very beginning of the SC followed with a clear decrease. Except in event (u), amplitude of the decrease was greater than that of the increase for the Oersted observation, which is just contrary to the observational results on the ground that the amplitude of PRI was always much smaller than that of MI. No simple step-like variation was observed by the satellite on the dayside, which is obviously different with the properties observed on the nightside.
[17] 5. In events (s), (t), (u), and (w), the waveforms observed at Oersted and at the dip-equator stations were almost (but not strictly) out of phase with each other. For instance, in event (p) and events (s)-(v), onsets of the positive increase of the Oersted observations were almost simultaneous with those of the PRIs observed on the ground, but the positive peaks of Oersted observations were not always concurrent with the negative peaks of the PRI. We also note that except in events (v) and (w), the observations at Oersted had the nearly same waveforms with that at low-latitude stations. We should note that in events (s), (u), and (w), the amplitudes of the positive increase in Oersted observations were larger than those of the decrease of the PRIs on the ground observations.
Amplitude Comparison Between Ground and Oersted Observation
[18] Amplitudes of the SCs measured by magnetometers on the ground and onboard Oersted has been given in Table 2 . The amplitude ratio shown in Figure 3 is calculated by amplitude on the ground divided by that at Oersted. Because waveforms of SCs observed by Oersted on the dayside are much different with that observed on the ground, we have not counted the dayside events in Figure 3 . Figure 3 shows that the amplitude ration is dependent on the MLT of Oersted observation. For most of the SCs, the amplitude ratios are greater than 1.0, which means that the amplitudes on the ground are larger than that at Oersted. In addition, the amplitude on the satellite tends to become much smaller than that on the ground when the satellite was near midnight $0100 MLT. In event (f), Oersted observed the SC at the highest latitudes among all of the nightside event. The amplitude ratio for the event (f ) is $3.0, which seems abnormal (as shown in Figure 3 ) and could be due to the satellite observation at a higher latitude.
Summary and Discussion
[19] We observed SCs by the Oersted satellite above the ionosphere both on the nightside and dayside at low latitudes. The SC waveforms observed by Oersted on the nightside were nearly the same as those observed on the ground, but the dayside observations on the satellite were apparently different from those observed on the ground.
Interpretation for the Nightside Observations
[20] Araki [1994] described the process for generation of the DL field in detail. When a sudden increase of the solar wind dynamic pressure compresses the equatorial magnetopause, the dawn-to-dusk magnetopause current J M is enhanced and a compressional wavefront starts to propagate antisunward in the magnetosphere. The enhanced magnetopause current J M and the polarization current J p along the compressional wavefront form a current loop inside of which the northward magnetic field is increased. When the wavefront reaches the Earth, the H component of the ground magnetic field begins to increase. The H component keeps increasing during the passage of the wavefront, which has a finite thickness, until the compression of the magnetopause ceases. Obviously, the DL field reflects the compression of the magnetosphere. In this study, the SC waveforms observed above and below the ionosphere, i.e., observed at the satellite and ground stations, are very similar for the nightside events, we believe that the nighttime SCs observed both on the ground and from Oersted are dominantly caused by the same mechanism as for the DL field. These observations indicate that the effects of the ionospheric currents (ICs) to the observations both on the ground and at Oersted are negligible on the nightside.
[21] Our observation in Figure 3 shows that the amplitudes observed by Oersted tend to become smaller than that on the ground toward the midnight. We suggest that this could be mainly caused by the induction currents in the crust, which is in westward. Araki et al. [1984] shows that the amplitude of the SCs observed by MAGSAT at the dusk and dawnside was greater than that observed on the ground, which was interpreted in terms of a westward zonal shielding current flowing in the ionosphere. In Figure 3 , we noticed that amplitudes at Oersted for some of the events from 2000 MLT to 2200 MLT were greater than that on the ground. In this study, we cannot give clear explanation for this. The interpretation of Araki et al. [1984] could be a candidate for it.
PRIs Observed by Oersted on the Dayside
[22] A prominent property for the dayside SC is that a clear PRI is often observed on the ground at low latitudes, especially at the dip equator. Here we focus on study of the PRIs at the dayside dip equator (DDE). Our observations show that corresponding to the PRIs on the ground, Oersted always observed positive impulses on the dayside, that is, the observations above and below the dayside ionosphere were nearly out of phase for the PRIs. This observation confirms that there was a westward IC generated at the DDE during the time period of PRI. One of the possible generation mechanisms for this westward IC has been proposed in the SC model of Araki [1994] . According to Araki [1994] , the waveforms of the PRIs observed both on the ground and above the ionosphere are superposition of the DL field, which is the disturbance field caused by the incident compressional waves and generally presents as a step-like increase in the H component, and the DP field, which is caused by a current system including a twin vortex type IC and FACs. The twin vortex type ICs produced by the FACs are clockwise in the afternoon and anti-clockwise in the morning over the northern hemisphere (see Figure 10 in Araki [1994] ). The afternoon current vortex generally has a larger scale and can extend to DDE (due to a waveguide model) [Araki, 1994 and references therein] , so the westward IC is generated at the DDE during time period of the PRI. The waveguide model, which indicates that the duskdawnward electric field in polar region can instantaneously transmit to low latitudes, is an very important issue in Araki's model, but it was still under controversy [e.g., Chi et al., 2001] . Another possible generation mechanism for the PRI at the DDE was proposed by Tamao [1964] , who indicated that the westward IC for the PRIs could be driven directly by incident MHD waves. Although Kikuchi and Araki [1979a] presented that the direct incidence of the MHD waves onto the equatorial ionosphere cannot produce a westward IC, Chi et al. [2001] suggested that this model could be more plausible because they found that the traveltimes for the PRI signal propagating from a source point at dayside magnetopause to the ground stations at different latitudes are consistent well with their calculations based on the MHD propagation model. Both of the models can explain the observations here, but we suggest, that how the westward IC can be generated during the interaction between the MHD waves and the ionosphere at DDE still needs to be investigated further. Here we just want to point that the simultaneous observations above and below the ionosphere near the DDE presented in this study confirmed the existence of the westward IC for the PRI again, and we conclude that the observations obtained on the ground and by the Oersted satellite during the time period of the PRI were mainly caused superposition of the DL (incident compressional waves) and the DP fields (disturbance fields caused by the westward ICs) due to the small effects of the FACs at low latitudes. We should note the DP field here refer to the DP PI field as described in section 1.
[23] Our observations, for example, in the event (u), show that the onsets of the PRIs on the ground were almost concurrent with the onsets of the positive impulses of the Oersted observations, but the negative peaks of the PRI on the ground were not always simultaneous with the positive peaks of the Oersted observations. We argue that these peak-time differences just reflect that the observations both on the ground and at Oersted are superposition of the DL and DP fields. Figure 4 schematically illustrates how this can happen for the PRI. In Figure 4 , we assume that the DL field has a step-like waveform and has the same amplitude below and above the ionosphere (as shown by dashed lines), and also assume that the DP fields above and below the ionosphere (referred to as DPa and DPb, respectively) have impulsive waveforms and are out of phase with each other (as shown by thin solid lines). We also arbitrarily presume that the time taken for the DL field to reach maximum amplitude is t = 20 (random unit), and the westward IC arrives at its maximum amplitude at t = 10 (random unit). The thick solid lines in Figure 4 indicate the superposition of the DL and DP fields. The 4 upper panels in Figure 4 , i.e., the panel 'Pa*1', 'Pa*2', 'Pa*3', and 'Pa*4', present the superposition of the DL and DPa fields above the ionosphere for taken the maximum DPa amplitudes as 25%, 50%, 75%, and 100% of that of the DL amplitude, respectively. The results show that the positive peak time of the superposition field is shifted backward, at least, 1 (random unit) than the peak time of the westward IC (for the case that the DPa amplitude is equal to the DL amplitude). Considering the altitude of Oersted being several times higher than that of the IC (in the E layer of the ionosphere) and the magnetic field produced by the IC decreasing with increasing of the distance, we take the maximum DPb amplitudes as 1, 4, 9, and 16 times of that of the DPa amplitude used in the panel 'Pa*1' (i.e., 25% of the maximum DL amplitude), and show the superposition fields below the ionosphere in the 4 bottom panels, respectively. The results indicate that, contrary to above the ionosphere, the peak time of superposition field below the ionosphere is shifted forward, at least, 1 (random unit) than the peak time of the westward IC (for the case that the DPb Figure 3 . The amplitude ratio distribute on MLT of Oersted observation. The amplitude ratio is derived by amplitude on the ground divided by that at Oersted. The ground amplitude was measured at the ground stations as near as beneath the satellite path.
has the biggest amplitude). In summary, Figure 4 has demonstrated that the superposition of the step-like DL field and the impulsive DP field can lead to a shift to the peak times of the observations both on the ground and above the ionosphere. We suggest that the waveform assumptions for the DL and DP fields adopted in Figure  4 are basically reasonable, because they are consistent with the observational facts summarized in Araki [1994] . Therefore if we take the relative location between the satellite and ground stations into account, we argue that, what depicted in Figure 4 can explain the peak time differences in our observations, although the assumptions for the amplitudes of the DL and DP fields in Figure 4 may have some discrepancies to the realistic conditions.
[24] On examining the superposition of the DL and DP fields, we need to consider that within one or two hours of local time differences, amplitudes of the DL field should not have many differences because it generally has a large scale, but those of the DP field could be much different due to change of the orientation and magnitude of ICs. In event (s), the observation for the PRI in the JIC H component was almost strictly anti-phase to that observed in the Oersted B // component. This could be due to the small local time difference between Oersted and JIC, and the dominant contribution of the IC to the observations. Note that when the onset of the SC was observed by Oersted in this event, the satellite was flying toward the DDE from $13.0°(in dip latitude) and was almost at the same local time as JIC.
[25] If we consider the disturbance field generated only by the westward IC at the DDE, amplitude of the increase in the Oersted B // component should be much smaller than that of the decrease in the ground H component because of the relative altitude for the satellite and IC as mentioned before. However, our observations show that, except in event (t), amplitude of the positive increases in the Oersted B // component was greater than that of the decrease of the PRI in the ground H component at DDE. This also can be interpreted by superposition of the DL and DP fields for PRIs as depicted in Figure 4 , when we consider that the DL field has a dominant contribution to the observations.
[26] In event (p), Oersted was located higher than $50.0°i n dip latitude when the SC was observed. Corresponding to the PRI observed at JIC, Oersted observed an increase in the B // component, but the increase amplitude was very small. The waveform observed at Oersted was similar with that observed near the satellite at TUC. At this latitude, besides the DL field, the FACs also should have effects on the observations both at the satellite and on the ground [Kikuchi et al., 2001] . In event (q), the SC was observed by Oersted at almost the same local time as in event (p), but there was no PRI observed at the DDE station at HUA. Araki [1977] has demonstrated that PRIs cannot always be seen on the ground at DDE. Some authors [e.g., Kokubun et al., 1977] suggested that the occurrence of the PRI could be affected by the IMF conditions. We suggest here that the panel 'Pb*1' in Figure 4 may imply that the occurrence of PRIs is dependent on the relative magnitude between the DL and DP fields at the DDE.
[27] In event (t), as well as in events (q), (r), (s), and (u), the waveforms observed at Oersted are very similar to these observed at the low-latitude ground stations. Common properties for these events are; (1) the ground stations were mainly located pre-noon during the event; (2) the lowlatitude ground stations were located west of the dip-equator stations; (3) Oersted was located very near the DDE during the time period of SCs. According to the DP PI current system described in Figure 10 in Araki [1994] , the eastwestward component of ICs at low latitudes and at dip equator are in opposite directions in the morning sector. That is, when the westward IC is excited at the DDE during the time period of PRI, the RPI-related IC at low latitudes has an eastward component in the morning sector. Thus, the ICs will simultaneously produce increases both in the B // component above the DDE ionosphere and in the H component at the low-latitude ground stations, and vice versa for an eastward IC excited at the dip equator. Therefore the similarity in the waveforms observed at Oersted and at low-latitude ground stations can be interpreted as that the similarly waveforms of the DL field have been deformed by superposition of the similarly DP field produced by the ICs during these events.
[28] In event (t), the amplitude of the positive impulse observed by Oersted is much smaller than that of the PRI observed on the ground. This could be due to observation of the PRI at a higher latitude ($22°in dip latitude) for Oersted. Note that the amplitude at JIC is decreased by 10 times in plot of event (t).
[29] In event (v), the Oersted observation shows a positive impulse too. The start time of the Oersted observation is simultaneous with the onset of the PRI at LAL. Because no ground observation at the dip equator is available for us, we will not make analysis in detail for this event.
[30] In event (w), some interesting results were observed although around 8 minutes data was missing for the Oersted observation. At first, the H component at JIC started to increase tens of seconds before the onset of the PRI, which is similar as that in event (s). In addition, the start time of the positive impulse observed by Oersted was clearly earlier than the onset of the PRI at JIC. We interpret these observations as that the DL field was observed both on the satellite and at JIC before the DP field produced by the westward IC deformed its waveform. Obviously, this observation also illustrated that the PRI observed on the ground was the disturbance field caused by the westward IC superposed on the incident compressional component.
Main Impulses (MIs) Observed by Oersted on the Dayside
[31] A clear difference between nightside and dayside observations is that the Oersted observation on nightside did not decrease so quickly after reaching its maximum as it did on the dayside. The main increases after the PRI observed on the ground also should be superposition of the DL and DP fields, but the DP field here is the DP MI field as mentioned in section 1 and it corresponds to an eastward IC at the DDE. In all of the dayside observations, corresponding to the main increases in the ground H component after the negative peak of PRIs, Oersted always observed apparent decreases. We argue that the apparent decrease of the satellite observation after its maximum amplitude just reflects the effects of the DP MI field on the satellite observation, and it also confirms that there exists a net eastward IC after the peak time of the PRI at the DDE. Obviously, if there were no effects of the eastward IC, the Oersted observations should decrease gradually or keep the maximum amplitude for some period of time just like the observations on the nightside. As for how this eastward IC can be generated, Araki [1994] presents that after the passage of the compressional wavefront toward the magnetotail, the magnetospheric convention has to adjust to a new state. During this process, the associated FAC flows into the dawn ionosphere and out from the dusk ionosphere. Then, a twin vortex current with opposite sense to the preceding current system is excited in the ionosphere. Similar to the current system for the DP PI field, the afternoon vortex still has a larger scale and can extend to the DDE, so the eastward IC appears in the ionosphere at the DDE during the time period of MIs.
[32] In order to understand the equatorial properties of the DL field, Ohnishi and Araki [1992] studied two-dimensional interaction between a propagating plane HM wave and the earth-ionosphere system. They assumed that the incident plane HM wave, i.e., the compressional wavefront of SCs, propagates from the dayside magnetosphere to the earth with a sharp rise and calculated the time variation of the magnetic field just above the ionosphere and on the ground. They found that the magnetic filed above the ionosphere is larger than that on the ground, especially on the dayside. This calculation is used in Araki [1994] for interpreting the observational results of Araki et al. [1984] , in which amplitude of the SCs observed at the MAGSAT satellite on the dawn-dusk meridian was 1.3 times of that on the ground. Araki predicted that the amplitude ratio between above and below the ionosphere would become even larger towards the noon meridian due to a westward zonal shielding current flowing in the ionosphere. Araki stressed that the IC would flow westward in spite of an increase in the ground H component, because it would flow to shield the ground magnetic field increase due to the source current flowing along the magnetopause. By comparing the MI field observed above and below the dayside ionosphere, we confirmed that an net eastward current does exist in the dayside dip-equator ionosphere after the negative peak of the PRI, so we argue that the magnitude of the eastward IC generated by the mechanism as given by Araki (or by some other mechanisms that we do not know here) during the time period of the MI could be much stronger than the westward zonal shielding current.
[33] In this paper, we put emphases on reporting the unprecedented observational waveforms for SCs obtained by Oersted above the ionosphere at different local times. The detailed investigation for these events will be presented further.
Summary and Conclusion
[34] We have examined SCs observed by Oersted above the ionosphere on both the nightside and dayside. The SCs observed by Oersted on the nightside have the nearly same waveforms as those observed on the ground, which indicates that the effects of the IC on the nightside are negligible. We suggest that the SCs observed by Oersted on the nightside are dominantly caused by the compressional wavefront of the SCs passing through the satellite. The SC waveforms observed by Oersted on the dayside are apparently different with that observed on the ground. Corresponding to the PRI and the MI observed in the H component at the dayside dip equator, Oersted always observes an increase and a clear decrease in the B // component, respectively. These observational results indicate that the PRI at the dayside dip equator is correspondent to a westward IC, and an eastward IC is excited after the PRI. How these westward and eastward currents can be generated associated with SCs are interpreted by the DP PI and DP MI currents in Araki's [1994] model, whereas we also don not rule out other generation mechanisms for them as that proposed by Chi et al. [2001 Chi et al. [ , 2006 . We confirmed that the DP currents exist in the dayside ionosphere but are negligible in the nightside.
